where: Sf = friction slope, (·) h = water depth, (m) u = longitudinal velocity, x direction (m/s) v = transversal velocity, y direction (m/s) t = turbulent viscosity, (m 2 /s) g = acceleration due to gravity, (m/s 2 ) In this equations system, it was assumed that the effect of the Coriolis force and tensions due to wind at the free surface are negligible given the nature of the problems that focus this work, although their inclusion in the numerical scheme can be done without difficulty.
The water quality module
The water quality model, adapted to the main stream of Coatzacoalcos river, simulates the behaviour and concentration distributions for different water quality parameters. The water quality module solves the following parameters, grouped according to the chemical properties:
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where: C = Concentration of any water quality parameter, (mg/L) Ex = Coefficient of longitudinal dispersion, (m 2 /s) Ey = Coefficient of transversal dispersion (m 2 /s) c = Reaction mechanism (specified for each parameter) (m -1 ) The reaction mechanism, c, is used to represent the water quality parameters, and it is solved individually for each of them. 
Numerical solutions
The Saint-Venant and A-D-R equations are numerically solved using a second order Eulerian-Lagrangean method; a detailed explanation of the solution is presented in this work. The method separates the equations into its two main components: advection and diffusion, which are solved using a combination of Lagrangian and Eulerian techniques, respectively. In this way, the entire equations are solved. Fig. 1 shows the flow diagram for the model general solution.
Numerical grid
A numerical grid Staggered Cell type is used (Fig. 2) . In this grid the scalars are evaluated in the center of the cell and vector magnitudes on the edges. 
Advection (Lagrangian method)
The advection solution uses a Lagrangian method whose interpolation/extrapolation principle is base on the characteristics method. In the characteristics method is assigned to each node at t n+1 a particle that does not change its value as it moves along a characteristic line defined by the flow. It locates its position in the previous time t n by the interpolation of adjacent values of a characteristic value, in this case the Courant number, which is assigned to node t n+1 . For simplicity, the method is exemplified in one dimension, but is similar for two or three dimensions (Fig. 3) .
Assuming that the value of the variable at point P (φ p n ), can be calculated by interpolating between the values φ n i-1 y φ i n from the adjacent points x 0 and x 1 respectively (Rodriguez et al., 2005) . If a particle at the point P travels at a constant velocity U will move a distance x + U t at time t + t, so it is:
if we apply the modified Gregory-Newton interpolation:
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Where f(P), f 1 , f 0 y f 2 are the values at points P, x 1 , x 0 , and x 2 respectively, p is a weight coefficient which positions the point P with respect to φ i n and φ i-1 n . Since the polynomial is a second-degree interpolation, the three terms of equation (6) As the value at point P is required in a two dimensional grid, the solution is expressed as shown in equation (7). 
where p and q, are the Courant numbers in x and y directions, respectively. The calculation of the Courant numbers for u and v is as follows:
where: u* i,j and v* i,j are spatial velocities in x and y direction respectively. The solution method is applied in a similar way to the advective terms presents in the continuity (Eq. 1), momentum (Eqs. 2 and 3) and A-D-R (Eq. 4) equations; φ = h, u, v y C, are the advective variables, obtained by the lagrangian method in its second order approximation. 
The diffusion (Eulerian method)
where: ℓ m = mixing length
Thus, the diffusion terms in x and y are solved respectively by the following formulas:
Detailed analysis of turbulence, their interpretation and mathematical treatment can be found at Rodi, (1980) , Rodríguez et al., (2005) . Longitudinal and transverse dispersion in rivers. The A-D-R equation evaluates the dispersion process by Ex and Ey coefficients. In this work the longitudinal dispersion coefficient proposed by Seo and Cheong (1998) has been implemented (Eq. 14):
The expression for estimating the transverse dispersion coefficient in a river is given by (adapted from Martin and McCutcheon, 1999 
The pressure terms
This is the term that takes into account the external forces in the Saint-Venant equations, in this case the gravitational forces. It is solved with a centered difference of depth values in the calculation grid (Eq. 17). 
General solution for velocities
Grouping the obtained terms, the following general equations for velocities are reached:
The first element of the last term is the free surface slope, which multiplied by the gravity represents the action of gravitational forces. This term can be expressed as:
The second element of the last term represents the bottom stress, which causes a nonlinear effect of flow delay and is calculated by the Manning formula:
As mentioned in section 2.2, c is solved individually for each parameter.
Stability requirements
Because a finite difference scheme is used, should be considered the linear stability criteria. The selection of the time step and space must satisfy the condition of Courant-FriedrichsLewy (CFL) for a stable solution. The CFL condition for two-dimensional Saint-Venant equations can be written as (Bhallamudi and Chaudhry, 1992) :
where: R = magnitude of the resultant velocity, (m/s)
Study case: Coatzacoalcos River
The last stretch of the Coatzacoalcos River located in the Minatitlan-Coatzacoalcos Industrial Park (MCIP), with about 40 km length, is part of an area of vast natural diversity, where the high population concentration creates important environmental changes, due to pressures arising mainly from consumption and industrial activities. Currently, insufficient information exists for MCIP regarding hydrodynamics and water quality at the river stretch. This is one of the most polluted rivers in Mexico and is consequently a critical area in terms of industrial pollution. Coatzacoalcos is a commercial and industrial port that offers the opportunity to operate a transportation corridor for international traffic, the site is the development basis for industrial, agricultural, forestry and commercial in this region; by the volume of cargo is considered the third largest port in the Gulf of Mexico (Fig. 4) . The area of Coatzacoalcos river mouth has had a rapid urban and industrial growth in the last three decades. In this area, the largest and most concentrated industrial chemical complex, petrochemical and derivatives has been developed in Latin-America. The importance of this industrial park, formed mainly by the Morelos petrochemical complex, Cangrejera, Cosoloacaque and Pajaritos, is such that 98% of the petrochemicals used throughout the country are produced there. Fig. 5 shows the industrial and petrochemical facilities located in this area.
Results and discussion
We have developed a numerical model that solves the two-dimensional Saint-Venant equations and the Advection-Diffusion-Reaction equation to study the pollutants transport.
The model results show agreement with measurements of velocity direction and magnitude, as well with water quality parameters. Therefore, it is considered that the developed model can be implemented and applied to different situations for this study area and others rivers with similar characteristics.
Model validation
For validation purpose, a sampling and measurement campaign was carried out in the Coatzacoalcos river stretch from upstream of Minatitlan city (17º 57' 00" N -94º 33' 00" W) to its mouth in Gulf of Mexico (18º 09' 32" N -94º 24' 41.33" W). The main objective was to obtain velocities, bathymetry and water quality at 10 points of the Coatzacoalcos River (Fig.  6 ). The information obtained through direct measurements and chemical analysis is primarily used for testing and numerical model validation. Table 1 shows the water velocity magnitude, direction and location measured on the ten stations. These values were compared with the model results. Fig. 7 and Fig. 8 show a comparison between measured and calculated water velocities. As shown in Fig. 7 and 8, the hydrodynamics numerical results correspond fairly well with field measurements. The model results show agreement in direction and magnitude of the measured velocity, which demonstrate that the model results are consistent and reliable to the real river behaviour. Therefore, it is considered that the developed model can be implemented and applied to different situations for the studied area. Likewise, the water quality modules were validated by comparison with field measurements, observing that the model results are consistent with these measurements www.intechopen.com and they are in the same order of magnitude. Fig. 9 shows some of the obtained results (each point represents a measurement station and the solid line the model result). 
Station

Numerical modeling
The initial step in the methodology implemented was the numerical grid generation, using specialized software. Initial and boundary conditions (tide, the level of free water surface, and hydrodynamic condition) were imposed; the model was set up with information gathered in the measurement campaigns, as well as water balances to determine the river dynamics. The mesh or numerical grid was created using the program ARGUS ONE (http://www.argusint.com), Fig. 10 shows the calculation grid system for Coatzacoalcos river stretch, which has a length of about 25 km, spacing of x = y = 100 m. The grid has 163 element in the X direction and 211 points in Y direction, giving a total of 34393 elements. Table 2 . Initial data for simulations
Results of hydrodynamics simulations
The simulation represents 30 days corresponding to dry and rain season. The numerical integration time or time step was, ∆t = 2.0 s. Fig. 11 shows the obtained result for resultant velocity. 
Simulation scenario
To assess the water quality in Coatzacoalcos River, a representative discharge scenario was initially defined, highlighting the main activities and characteristics over this area (Fig. 12) . The idea was study the river environmental behaviour, influenced by the oil activity developed on this area, six discharges where located representing the industrial activity and the influence of urban areas where such facilities industry are seated. The discharge conditions for every simulated water quality parameter are presented in 
Conclusions
The solution obtained for the two-dimensional Saint-Venant and A-D-R equations using an Eulerian-Lagrangian method has great versatility, obtaining consistent and satisfactory results for different types of flow and open channel conditions. The considered scheme provides numerical stability that avoids numerical oscillations of the obtained solutions and also allows significant larger time steps ( t). The combination with the Eulerian solution for diffusive terms is always guaranteed satisfying the C-F-L condition. About the hydrodynamics study of Coatzacoalcos river, it was determined that the river behaviour is influenced by several factors, being the most important the hydrological aspect, which varies depending on the time of the year. Because of this, it was observed that dry season presents an important tide penetration towards the mainland of the river, while for rain season when the river flow increase, the penetration is less significant and the water mainly flows downstream to the mouth in the Gulf of Mexico. On the other hand, the pollutants transport is dominated strongly by the hydrodynamics, and the difference for the two simulated seasons was observed. This simulation shows higher concentrations and also a more significant dispersion in dry season, because the tide penetration occurs intermittently upstream and downstream in the area near to the river mouth. While for rain season there is no significant contaminant dispersion, with a local effect of the simulated discharges. Thus, a solution algorithm has been proposed to the study open channel hydrodynamics, which together with the A-D-R equation solution allows the study of transport,
